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Abstract: The paper presents experimental studies on the geophysical survey of Almaty – Nur-Sul-

tan highway sections, which located 100 km. from Almaty, Almaty region of the Republic of Ka-

zakhstan. As the object of study selected highway sections in 3 places: on the highway section with 

a well-preserved coating to identify layers; on the highway section with obvious damage (with 

holes, potholes, horizontal and grid cracks); on the section of the highway with a drainage pipe. 

Since the formulation of the problem requires the use of a non-destructive, fast method that gives 

an idea of the layer structures with an accuracy of ± 0.1 m., experimental studies were conducted 

using the ground penetrating radar (GPR) «Loza B» using different antennas, with different profile 

steps for accuracy. The results of the geophysical survey of the structure of the underlying layers 

and asphalt for the detection of defects and their causes are presented. The results of this work can 

be used to develop compositions of asphalt concrete mixtures with high temperature stability, 

strength and durability, considering the climatic conditions in order to ensure the safety of road 

surfaces during operation. 
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1. Introduction 

Subsurface object radar is used for non-destructive testing and diagnostics of objects 

in the field of construction, archeology, geology, geophysics, and customs control [1-4]. 

Currently, subsurface radar devices (GPR) are used for diagnostics. There are various 

modifications of the devices that have found wide commercial application [5-15]. In our 

country, in practice, there is an experience of using ground-penetrating radars produced 

in such countries as Russia and Latvia [16-21]. However, the existing embedded software 

of GPR does not sufficiently describe the methods for determining the geoelectric proper-

ties of the objects under study, since these built in programs are commercial in nature. The 

result of this work is a contribution to the development of methods for interpreting GPR 

data and can be further used to develop compositions of asphalt concrete mixtures with 

high temperature stability, strength and durability, taking into account the climatic con-

ditions and the preparation of the underlying environment - the base of the road with 

different soils and water content.  

The following 3 sections (parts) of the road were selected as the object of study:  

1. The highway section with well-preserved covering a length of 44 meters. 

2. The highway section with obvious damages (with holes, potholes, horizontal 

and grid cracks), about 47 meters long. 

3. The highway section with a drain pipe a length of 30 meters. 
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Purpose: to test the proposed method on the example of GPR research of the internal 

structure of Almaty – Nur-Sultan highway construction on the section which is 100 kilo-

meters away from the city of Almaty in the Almaty region of the Republic of Kazakhstan. 

2. Materials and Methods 

Statement of the problem requires the use of non-destructive, fast method that gives 

an idea of the structure of the layers with an accuracy of ± 0.1 m. The principle of operation 

of ground-penetrating radars is based on the emission of ultra-wideband high-frequency 

electromagnetic pulses into the probed medium and receiving reflected signals from het-

erogeneities and objects in the thickness of the medium. The received information is rec-

orded in the GPR memory and represents a GPR profile with the necessary degree of de-

tail of the depth of occurrence and the physical composition of layers and inclusions. Such 

a method is a method of non-destructive testing and control [22]. 

Experimental studies were performed by the geophysical complex “Loza B” using a 

1.5 m. antenna (150 MHz), a 0.2 m. profile step on the first route of the first section of the 

road (marked with a green arrow in Figure 1), using an antenna 1m.(100 MHz) in 0,1m. 

increments along the second route of the first section of the highway, indicated in Figure 

1 with a blue arrow; using an antenna 1m. (100MHz), 0.1m. profile step. along the first 

route of the second section of the highway (marked in figure 1 with a red arrow), using a 

0.5 m. antenna (50 MHz) in increments of 0.05 m. along the second route of the second 

section of the highway indicated in Figure 1 with a yellow arrow; using an antenna 1 m. 

(100MHz), a step along the profile of 0.2 m. on the road of the third section of thehighway 

(marked in Figure 1 with a gray arrow). 

 

 
Figure 1. The scheme oftrace: а) the 1st highway section with well-preserved coverage; 

b) the 2nd highway section with obvious damage; c) the 3rd highway section with drainage pipe. 

 

In experimental studies, we used the following method: profiling with separate pro-

files with different antennas for accuracy. The use of geo-radar profiling shows that the 

successful solution of problems is significantly influenced by a combination of actual cir-

cumstances, conditions and reasons. GPR measurements are carried out along the profile. 

The profile is the radarogram, the imaginary line that we followed on the surface of the 

earth with our measurements. Laying profiles and selecting the speed of movement along 

the profile or the step between the observation points is the planning stage. GPR profiling 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 July 2021                   doi:10.20944/preprints202107.0038.v1

https://doi.org/10.20944/preprints202107.0038.v1


 

 

is the definition of the spatial characteristics of objects and the definition of the types of 

these objects. The GPR begins to write a graph that depends on the time and amplitude of 

the signals. Each track is restored at several points. You can go from time to depth param-

eters by learning the physical property of the environment. The depth of research is the 

maximum depth of the reflecting object. Therefore, much attention is paid to the assess-

ment of the depth of GPR [22, 23]. 

The used antennas provide the possibility of probing in the frequency range (50-150 

MHz). The use of a particular antenna is determined by the problem we solve when prob-

ing. The increasing frequency of the sensing leads to the improvement in resolution, it 

also increases the attenuation of electromagnetic waves in the environment, which leads 

to a decrease of probing depth and Vice versa, a decrease in the frequency is possible to 

increase the depth sensing, but it deteriorates the resolution. In addition, with a decrease 

in frequency, the zone of initial insensitiveness (dead zone) of the GPR increases. The an-

tennas used provide the possibility of sensing in the frequency range (50-150 MHz). The 

use of a particular antenna is determined by the problem we solve when probing. 

Also, in GPR research, the shooting step plays an important role. It depends on the 

step whether the study is correct and whether we can make an interpretation of the data. 

The manufacturer's recommended pitch for small objects such as pipes, cables, and 

trenches is no more than 0.2 m. If the distance is greater, the profile will be uninformative 

and there may be difficulties in interpreting the data. In this regard, different steps were 

chosen for the experiment for different sections of the highway. All technical characteris-

tics and features of using this geophysical instrument are described in [24]. 

3. Results 

GPR “Loza B” has a embedded software called “Krot179Ns” [9]. As a result of the 

“Krot179Ns” program in Figure 2, the profile of the first trace is shown, which is in Figure 

1 is marked with a green arrow.  

 

Figure 2. The profile of the trace with a step of 0.2m. with the distance between the antennas 1.5 m. 

Figure 3 shows the profile of the second trace, which is shown in Figure 1 is marked with 

a blue arrow.  

 

Figure 3. Profile of the 2nd trace with a step of 0.1 m., distance between antennas of 1 m. 
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On the radarograms of two different antennas, the layers appear flat with small irregular-

ities in the lower layers that coincide in two dimensions (pointers A1 and A2 in Figure 2 

and Figure 3). Figures 4-5 show similar figures (GPR profiles) for the traces on the second 

section of the highway.  

 

Figure 4. Profile of the first measurement of the second section highway with a 1-meter antenna 

with a step of 0.1m. 

 

Figure 5. Profile of the 2nd measurement of the 2nd section highway with a 0.5 m. antenna with a 

step of 0.05 m. 

Figure 6 shows the trace profile of the third section highway. 

 

Figure 6. The trace profile of the 3rd section highway with a step of 0.1m., the distance between the 

antennas is 1m. 

A concrete pipe is observed on the third section (Figure 6, pointer P) with a concrete 

ceiling (Figure 6, pointer C). 

4. Discussion 

In both measurements of the 2-section highway, there are obvious anomalies (mois-

tening, subsidence, etc.) in the lower layers, which are then reflected on the upper layer 

(asphalt) in the form of holes, hollows, horizontal and grid cracks. Figure 4 shows anom-

alies in the underlying layers (pointers B). Also visible as bottom layers overlap and blend 

in places. The lower boundary of the sandy base is expressed non-contrast. When meas-

uring, problem areas on asphalt were marked with marks that correspond to anomalies 

on the lower layers (Figure 5, pointers D). 
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Figure 7 shows the identified layers of the road under study with a depth of 2 m.: 

asphalt, underlying layers (crushed stone, embankments, irregularities), bulk soil, base. 

 

 
Figure 7. Layers of the road  

 

The obtained GPR data were imported into MSExcel, which will later be used as in-

put data for solving the inverse geoelectrics problem by the layer-by-layer recalculation 

method [25]. The environment model is layered. 

5. Conclusions 

In this work, the first section of the road with a good road surface was chosen as a 

reference. On the second section of the road, there are many anomalies associated with 

displacement and changes in the flatness of the layers, which is observed on the upper 

asphalt layer as pits, potholes, horizontal and grid cracks. The change in the lower layers 

of the second section is due to waterlogging. The presence of a pipe under the asphalt is 

the cause of the defect on the third section of the highway.  

It should be noted that the proposed method was used by us at another facility, for 

the diagnosis of subsurface runway coverings, and gave good results [16]. 

In further research, the obtained GPR data for the second section of the highway will 

be used as input data for solving the inverse coefficient problem of geoelectrics which is 

described in [25]. 

The results of this work can be used to develop compositions of asphalt concrete mix-

tures with high temperature stability, strength and durability, considering the climatic 

conditions of the Republic of Kazakhstan in order to ensure the safety of road surfaces 

during operation. 
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